Objective: Post-surgical interstitial pneumonia (IP) is a part of postoperative acute respiratory distress syndrome (ARDS). Some cases of ARDS may be an acute exacerbation of idiopathic pulmonary fibrosis (IPF) that is generally not recognised as IPF prior to surgery. In this study, we evaluated IP on preoperative computed tomography (CT) and histopathological findings in patients who underwent thoracic surgery, and attempted to identify high-risk patients who might develop postoperative ARDS. Methods: A retrospective review of preoperative CT and histopathological examination was performed in 487 patients who underwent lobectomy for primary lung cancer at our institute. Results: The incidence of ARDS was 2.05%, and histopathological finding of IP was the only predictor of ARDS (P = 0.038, odds ratio (OR) = 6.89). The incidence of IP on histopathological examination was 9.7% for all cases of lung cancer; and the incidence of ARDS in the IP-positive group (31.8%) was significantly different from that in the IP-negative group (1.5%) (P < 0.05). However, in 85.7% of patients with ARDS, who were histologically IPpositive, IP was masked by emphysematous findings and thus not detected on preoperative CT. Conclusions: In this study, histopathological finding of IP was the only predictor of ARDS; however, it was difficult to identify preoperatively because emphysematous change was also present in the majority of cases, which masks the findings of IP on CT. If identification of the high-risk case of ARDS is insisted upon, screening the presence or absence of IP (e.g., just in the patients with emphysema or IP finding on CT) by histopathological examination, as the need arises, after surgery using resected lung might be one of the additional methods of identifying those at high risk of ARDS. #
Introduction
Despite advances in surgical techniques, anaesthetic management and postoperative care, the mortality and morbidity associated with pulmonary complications, especially acute respiratory distress syndrome (ARDS), remain significant after pulmonary resection [1] [2] [3] [4] . The overall incidence of post-surgical ARDS shows a wide range (1.4-3.6%) with a mortality of 40-88% [1, [3] [4] [5] , and ARDS is the cause of almost 72.5% of total mortality after pulmonary resection [2] . Acute interstitial pneumonia (AIP) is a type of post-surgical ARDS that generally presents with progressive respiratory insufficiency and is responsible for approximately 30% of hospital deaths following pulmonary resection [6] .
Patients older than 70 years and those with cardiac disease or restricted pulmonary reserve form a high-risk group in which the complication rate is almost doubled [7] . Higher-thanaverage risk is to be expected when undertaking resection for chronic suppurative disease, procedures in patients with previous lung resection [8] , extensive lung resection such as pneumonectomy [2] or following induction of chemotherapy or radiotherapy [9] . Meanwhile, preoperative spirometry and blood gas analysis [1] , which predicted postoperative forced expiratory volume in 1 s (FEV 1.0 ) [9] , are not useful predictors of the development of post-surgical ARDS.
The feasibility of the above-mentioned factors as possible predictors of post-surgical ARDS has been studied; however, pathogenesis as a predictor of postoperative ARDS has not been fully investigated. Acute exacerbation of idiopathic pulmonary fibrosis (IPF) may occur following surgery, chemotherapy or radiotherapy [2] ; however, for patients who develop ARDS following pulmonary resection, it is not always known, prior to surgery, that they had IPF. IPF is a chronically progressive diffuse lung disease with mean survival from onset of dyspnoea of 3-6 years, and an objective response to treatment is seen in only 20% of cases [10] .
It has recently been reported that localised (not diffuse) usual interstitial pneumonia (UIP) can, in some cases, progress to IPF or exacerbation [11] . UIP is the most commonly seen among several recognised patterns of interstitial pneumonia (IP). Patients with localised UIP are not always recognised as having IPF because the lesions are localised and symptomless (subclinical IP). Detection of IP by chest computed tomography (CT) might be a useful method for identifying patients at high risk of developing postsurgical ARDS following thoracic surgery [11] ; however, approximately 30% of those with lung cancer also have chronic obstructive pulmonary disease (COPD) [12] , making it difficult to detect localised IP by chest CT alone when the IP findings are masked by emphysematous change. Although some component of post-surgical ARDS may represent acute exacerbation of IPF that was not recognised as IPF prior to surgery, it is possible that predictors of localised UIP may be difficult to identify by preoperative CT alone.
In the present study, we evaluated the preoperative CT and histopathological findings in patients who underwent pulmonary resection due to primary lung cancer, and assessed to identify high-risk patients likely to develop ARDS after pulmonary resection.
Methods
This study was approved by our institutional review boards and written informed consent was obtained from all patients. We performed a retrospective review of the CTs and pathological records of 487 patients who underwent lobectomy for primary non-small-cell lung cancer at our institute. We excluded cases that underwent pneumonectomy, sublobular resection, previous lung resection, preoperative administration of steroids or that were already diagnosed with IPF prior to surgery.
Patients were intubated using either a left-or right-sided double-lumen endotracheal tube. The affected lung was deflated as soon as the pleural space was opened and deflation was maintained throughout most of the operative time. The lung was re-inflated at the end of the resection to check for air leakage and closure. The fraction of inspired oxygen (FiO 2 ) during surgery ranged from 0.3 to 1.0, according to intra-operative blood gas analysis evaluation. Surgery was most commonly performed via posterolateral thoracotomy, and complete hilar and mediastinal lymph node dissection was performed. In general, patients were extubated at the end of the operation and were transferred to the ward after a brief stay in the recovery area.
Acute lung injury (ALI) and ARDS were defined as per the American-European Consensus Conference [13] . Chest scanning was performed using high-resolution CT (HRCT) (Siemens Somatom Plus 4, Siemens, Greenville, WI, USA) within 1 week before surgery; scanning parameters were 140 kVp and 200-250 mA. CT scan images were obtained using 2.0-5.0-mm sections. All images were displayed at lung window settings (centre, -700 Hounsfield units; width, 1800 Hounsfield units). All the three authors, including one radiologist, evaluated and assessed the whole lung field on the CT images for the following IP features: (1) honeycomb formation, (2) reticular shadow and (3) ground-glass opacity [14, 15] ( Fig. 1) . Curvilinear shadow and dependent density, which indicate gravitational effect, were not assessed.
Histopathological examination was performed using two randomly selected sections of resected lung (not occupied by cancer), including a suitable lesion if the finding of IP was detected on preoperative CT. The sections were observed at whole field and IP findings were examined by a pathologist and by the authors (Fig. 2) . Briefly, histopathological IP was diagnosed according to the following criteria that the pathological finding with fibrosis, thick with lung parenchyma and infiltration of lymphocytes into the interstitial space.
We used JMP IN 8.0.1 (SAS Institute Inc., Cary, NC, USA) statistical software for statistical evaluations. Groups were compared using the Pearson's chi-squared test. Multivariate predictors were evaluated using binary logistic regression analysis, and the odds ratio (OR) and 95% confidence interval (CI) were estimated. Differences between groups were considered significant when P < 0.05. Values are expressed as the mean AE SD.
Results
A total of 487 patients underwent lobectomy for primary lung cancer. In all patients, we obtained clinical feature, perioperative notes and the CT and histopathological findings ( Table 1 ). Ten patients developed ARDS following lobectomy (2.05%). Statistical significant difference was observed between the ARDS group and non-ARDS group for FEV 1.0% (G), %FEV 1.0 , percentage with COPD, predicted %FEV 1.0 , emphysema on CT and histological finding of IP (P < 0.05). The incidence of ARDS in patients given induction therapy was 10%, which was not statistically different from the incidence in patients, who did not receive induction therapy (3.8%). Binary logistic regression analysis revealed the histological finding of IP as the only predictor of ARDS ( Table 2) .
The characteristics of patients with ARDS are listed in Table 3 . In the present study, the onset of ARDS ranged from 2 to 6 postoperative days and mortality was 40%. Steroid pulse therapy was administered in all cases of ARDS. All patients showed the appearance of reticular or ground-glass shadows on chest X-ray or CT. There was no relationship between time of onset and death. None of the drugs used to treat patients identified as allergens, and all drugs (e.g., antibiotics) were changed after the onset of ARDS to prevent the possibility of drug-induced IP. Histopathological examination revealed IP findings in seven patients (70%) in the ARDS group, compared with 6.9% in those without ARDS; however, in six patients (85.7%) with ARDS, who were histologically IP-positive, IP was masked by emphysematous findings and thus not detected on preoperative CT. The incidence of IP on histopathological examination was 9.7% for all cases of lung cancer; and the incidence of ARDS in the IP-positive group (31.8%) was significantly different from that in the IP-negative group (1.5%) (P < 0.05; Table 4 ). The histopathological finding of IP was very important, being the only predictor of the incidence of ARDS; however, the above results reveal that it was difficult to preoperatively identify those at high risk of ARDS, based on chest CT alone.
Discussion
A retrospective review of the CT findings and pathological examination was performed in 487 patients who underwent lobectomy for primary lung cancer at our institute. Mortality due to ARDS following pulmonary resection was 40%; therefore, it is important to elucidate the mechanisms of ARDS. Our results show that IP was the only histopathological finding that was a predictor of ARDS (31.8% in the IP-positive group); however, it was difficult to identify IP preoperatively because most patients with this finding also showed emphysematous change (90% on ARDS group), which masks the characteristic findings of IP on CT. We acknowledge that the sample size is small and the statistical results are weakened by this fact; however, this study showed a novel aspect on the pathogenesis of post-surgical ARDS. This result would contribute to that of the additional evaluation on ARDS.
A number of factors have been investigated for the purpose of explaining and predicting the occurrence of postsurgical ARDS following pulmonary resection [1, 2, 7, 9] ; however, pathogenesis as a predictor of postoperative ARDS has not been fully investigated. A previous study reported that the overall incidence of post-surgical ARDS was significantly higher in patients with IPF undergoing pulmon- [2] . In both postsurgical ARDS caused by acute exacerbation of IP and other ARDS, the histopathological findings show the same diffuse alveolar damage in the final phase of severe cases. At this point, it is difficult to distinguish the two types; however, in the present study, the incidence of post-surgical ARDS was much higher in patients with IP-positive findings than in patients without IP-positive findings, and acute exacerbation of IPF sometimes develops after surgery. Patients with IPpositive findings were more susceptible to post-surgical ARDS because of surgical stress, compared with patients without IP-positive findings. These data suggest that acute exacerbation of IPF may be a component of post-surgical ARDS. Several previous studies investigated the relationship between the extent of lung resection and the incidence of post-surgical ARDS, and reported that the incidence of postsurgical ARDS was highest in patients who underwent pneumonectomy, compared with those who underwent lesser resection [1] [2] [3] [4] [5] . It has been hypothesised that the larger volume of resected lung and greater reduction in lymph drainage may account for the high mortality after pneumonectomy due to ARDS. Contrary to the findings of these previous studies, we found no significant difference between pneumonectomy and lobectomy (data not shown). This result may have been influenced by a reduction in the number of pneumonectomies performed over time, mainly because of the increasing detection of lung cancer at early stage following advances in CT scanning technology and the aggressive use of bronchoplasty to avoid pneumonectomy.
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The use of corticosteroids in the treatment of postsurgical ARDS after lung resection remains controversial [16, 17] . In the present study, all ARDS patients were treated with corticosteroid immediately after the onset of ARDS; however, mortality was 40%. We speculate that early and perioperative administration of steroid might contribute to a decrease in mortality if it is possible to preoperatively identify patients with UIP progressing to ARDS. Further randomised controlled studies are needed to determine whether steroid administration is beneficial in the treatment of post-surgical ARDS.
Conflicting reports exist regarding the role of induction chemotherapy or radiotherapy in the development of ARDS after pulmonary resection. Retrospective studies report increased postoperative complications, inducing ARDS, after induction chemotherapy in patients undergoing pulmonary resection [18, 19] . Recent studies found no difference in morbidity and mortality [20] [21] [22] and, in the present study, induction therapy was not associated with increased incidence of ARDS; however, as the number of patients in our analysis was relatively small, the relation between the pathological IP finding and induction therapy is still unknown.
Patients with post-surgical ARDS were not always clinically diagnosed with IPF before surgery because they were asymptomatic and the extent of IP was localised rather than diffuse. The histopathological finding of IP was the only predictor of ARDS. Where IP was localised, it was not detectable by chest X-ray, although some localised IP was detectable on chest CT. In patients with COPD, who present with lung cancer [12] , localised IP is difficult to detect on CT because it is masked by emphysematous change. In the present study, emphysematous CT findings were present in 90% of the ARDS group, compared with a detection rate of only 10% on CT for IP findings. As IP findings are masked by emphysematous change on CT, it was difficult to predict which patients would be at high risk of ARDS and which have histopathological IP findings based on the preoperative CT findings. We consider that this problem limits preoperative diagnosis. It is impractical to perform histopathological examination to confirm the presence or absence of IP in all patients immediately after pulmonary resection; therefore, preoperative CT could be used to identify and exclude the low-risk group, in which there are few CT findings. The diffusion capacity of the lung for carbon monoxide (D LCO ), which is the sensitive marker for IP, might be one of the possibilities of preoperative diagnosis for subclinical IP. If we are able to define a high-risk patient preoperatively, early and perioperative administration of steroid might contribute to a decrease in mortality of the patients with IP progressing We acknowledge that the case series reported here includes only 10 patients with ARDS, and, as such, suffers from the limitations inherent in all small case series; however, if identification of the high-risk case of ARDS is insisted upon, screening the presence or absence of IP (e.g., only in the patients with emphysema or IP finding on CT) by histopathological examination, as the need arises, after surgery using resected lung might be one of the additional methods of identifying those at high risk of ARDS.
